Open Source Software in GIS and Environmental Modeling
Extended Abstract
Recent years have witnessed a growth in the quantity and quality of free and open source software
(FOSS) tools for use in environmental data analysis and modeling. Such developments have significant
potential to aid environmental managers, scientists and stakeholders in both developed and developing
countries by reducing initial acquisition costs and providing a level of transparency that is often critical
for regulatory, administrative, and on-going code development purposes. While commercial off-theshelf (COTS) environmental software tools play an important role in the environmental community, the
concept of FOSS continues to attract interest among software developers, sponsors and end-users alike.
This presentation will review several interesting and useful open source software tools in GIS and
environmental modeling that are based on the free MapWindow and DotSpatial GIS packages with
special focus on water resources systems including BASINS 4 and HydroDesktop.
MapWindow GIS (www.MapWindow.org) is relatively unique among open source GIS tools because it
is optimized for the Microsoft Windows operating system and is intended for use as a customizable data
distribution system for developers and end users. The MapWindow GIS desktop application plug-in
interface supports custom tool development by end users and the MapWindow Open Source team.
MapWindow GIS has been adopted by the United States Environmental Protection Agency, United
Nations University and others as a development and distribution platform for several water resources
models including BASINS/HSPF, FRAMES-3MRA and SWAT. Other users and developers have modified
and applied MapWindow GIS for use in the fields of transportation, agriculture, community planning and
recreation. End users and developers around the world download MapWindow about 7000 times per
month.

The newest free library for embedding GIS capabilities within custom environmental and water
resources modeling software is DotSpatial (www.DotSpatial.org) – a fully Microsoft .NET compatible
library which is similar in concept to the ESRI ArcObjects product. DotSpatial aims to provide a free,
open source, consistent and dependable set of libraries for the .NET, Silverlight and Mono platforms,
enabling developers to easily incorporate spatial data, analysis, and mapping into their applications
thereby unleashing the potential of embedded GIS in custom software solutions in a nonrestrictive way.
DotSpatial is under rapid development by the open source community – lead by researchers at Idaho
State University – with a targeted full release date of June 13, 2011 at the annual
MapWindow/DotSpatial Conference in San Diego California (see
www.MapWindow.org/conference/2011).

Since 2006, the United States Environmental Protection Agency’s lead watershed analysis system,
BASINS, has been released as a fully free and open source product built on the MapWindow libraries. As
shown in the following figure, BASINS includes data pre-processing and post-processing modules that
are built as MapWindow plugins, together with custom graphical user interfaces for specific watershed
hydrology and water quality models.

Key GIS functions provided by the MapWindow system and used in BASINS include watershed
delineation, landuse reclassifications, soils and landcover clipping to watershed boundaries, extraction
of summary statistics from raster data for creating input files, creating a buffer around the watershed
basin, computing upstream and downstream river connectivity, and all map display and printing
functions needed to communicate model results. The MapWindow executable also provides a powerful
plugin interface used by BASINS to enable tight integration of separate models (e.g. AGWA, SWAT, HSPF,
AQUATOX). This approach has encouraged other agencies and researchers in the United States and
elsewhere to develop models and analytical tools that are compatible with and run as plugins with the
BASINS framework.
HydroDesktop (www.HydroDesktop.org) is a new desktop software application developed by the U.S.
National Science Foundation-funded Consortium of Universities for the Advancement of Hydrological
Sciences (CUAHSI) specifically to enable rapid search, discovery, download, and analysis of online water
resources and climate time series data sets. The following figure shows the GIS based search and
discovery interface and the time series data graphing interface for HydroDesktop.

In summary, a number of free and open source tools for water resources and environmental analysis
and modeling have been enabled in recent years through, in part, the release of requisite underlying
free and open source GIS software platforms. While MapWindow and DotSpatial represent only a
fraction of the number of interesting and useful open source GIS tools presently available (see more at
www.osgeo.org), several important water resources and watershed analysis tools have been
developed on these platforms and made available to the water resource community. We hope to see
continued participation from the water resources community in the further development of both the
overlying water resources tools as well as the underlying GIS platforms. Potential participants in any of

the projects described herin are welcome and encouraged to contact Dr. Dan Ames at Idaho State
University, dan.ames@isu.edu.

